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Waste Generation and Disposal 
 
In the United States, it is frequently cheaper to purchase new items than to repair 
or recycle old items. New items are often associated with considerable amounts of 
packing material, which is then discarded. In a world with a growing population 
and finite resources, however, the attitudes of the “disposable society” are both 
economically and ethically problematic. 
 
Historically, in chemical laboratories, both in industry and in universities, the costs 
of reagents were considered to be part of the cost of doing business, and relatively 
little effort was devoted toward limiting the generation of waste products. While 
people did attempt to maximize the yield of a reaction, the toxicity and amount of 
waste products was of relatively little concern. More recently, however, as the costs 
of feedstocks for organic chemistry have risen, and as the costs associated with 
proper disposal of waste products have risen, more attention has been directed 
toward converting larger percentages of starting material to usable product, and as 
a result, toward reducing the amount of waste material generated. In addition, 
increased understanding of the toxicity of most organic solvents has increased 
interest in developing chemical approaches that use less toxic or non-toxic solvents.  
 
The increasingly popular concept of green chemistry has focused attention on 
attempts to improve the safety and reduce the environmental impact and, in many 
instances, the expense of chemical processes. Green chemical approaches attempt to 
use renewable sources of starting material and attempt to reduce the amount of 
waste products generated. Not only are green chemistry approaches typically more 
environmentally benign, they are also frequently considerably less expensive, both 
in terms of the reduced costs of the reagents and the reduced costs of waste 
disposal. Green chemistry is guided by twelve principles:2  
 
Prevent waste: Design chemical syntheses to prevent waste, leaving no waste to 

treat or clean up. 
Design safer chemicals and products: Design chemical products to be fully 

effective, yet have little or no toxicity. 
Design less hazardous chemical syntheses: Design syntheses to use and 

generate substances with little or no toxicity to humans and the 
environment. 

Use renewable feedstocks: Use raw materials and feedstocks that are renewable 
rather than depleting. Renewable feedstocks are often made from 
agricultural products or are the wastes of other processes; depleting 
feedstocks are made from fossil fuels (petroleum, natural gas, or coal) or are 
mined. 

Use catalysts, not stoichiometric reagents: Minimize waste by using catalytic 
reactions. Catalysts are used in small amounts and can carry out a single 

                                            
2Originally published by Paul Anastas and John Warner in Green Chemistry: Theory and 
Practice (Oxford University Press: New York, 1998). You may learn more about Green Chemistry at 
the U.S. EPA’s website: http://www.epa.gov/greenchemistry/ 
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reaction many times. They are preferable to stoichiometric reagents, which 
are used in excess and work only once. 

Avoid chemical derivatives: Avoid using blocking or protecting groups or any 
temporary modifications if possible. Derivatives use additional reagents and 
generate waste. 

Maximize atom economy: Design syntheses so that the final product contains the 
maximum proportion of the starting materials. There should be few, if any, 
wasted atoms. 

Use safer solvents and reaction conditions: Avoid using solvents, separation 
agents, or other auxiliary chemicals. If these chemicals are necessary, use 
innocuous chemicals. 

Increase energy efficiency: Run chemical reactions at ambient temperature and 
pressure whenever possible. 

Design chemicals and products to degrade after use: Design chemical 
products to break down to innocuous substances after use so that they do not 
accumulate in the environment. 

Analyze in real time to prevent pollution: Include in-process real-time 
monitoring and control during syntheses to minimize or eliminate the 
formation of byproducts. 

  Minimize the potential for accidents: Design chemicals and their forms (solid, 
liquid, or gas) to minimize the potential for chemical accidents including 
explosions, fires, and releases to the environment. 

 
 
In a teaching laboratory, a variety of approaches can be used to reduce the costs of 
carrying out chemical processes. (Many of these approaches, in some cases with 
suitable modifications, also apply to industrial scale processes.) 
Obtain only the amount of starting material that is actually needed. 

Frequently students will remove large quantities of reagents from the stock 
bottles, and will then discard the excess in the chemical waste. 

Perform the process on as small a scale as possible. One technique is to use 
“micro-scale” reactions, involving milligram or smaller quantities of reagents. 
While micro-scale reactions use smaller amounts of reagents, and generate 
less waste, in many cases, the resulting amount of product is frequently too 
limited to analyze unless all of the steps are performed perfectly. In this 
manual, most of the reactions are small scale, but not micro-scale to allow 
most students the experience of analyzing some product. 

Reduce the use of halogenated reagents. Halogenated organic compounds are 
very useful synthetically, but, because of the hazardous nature of some 
combustion products of halogenated organic compounds, disposal of 
halogenated organic waste is considerably more expensive than disposal of 
non-halogenated organic waste. In the experiments included in this manual, 
we have reduced the use of halogenated solvents and halogenated unknowns 
whenever possible. 

Choose synthetic procedures that involve generation of the least amount 
of waste product, or which use the least expensive starting 
materials. Many syntheses can be carried out using a variety of different 
pathways. Creative thought may allow the use of a method that is less 
expensive, less hazardous, and/or less wasteful.  
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Perform the reactions and processes in water instead of organic solvents 
whenever possible. Unlike organic solvents, water is both inexpensive and 
non-toxic, and generally can be discarded using the drain in the sink.  

Recycle solvents when possible. Organic solvents used for rinsing glassware, or 
for extractions and recrystallizations are often largely unchanged at the end 
of the procedure. Collecting these solvents and purifying them by distillation 
or other simple methods can markedly reduce the total amount of solvent 
used without altering the experimental outcomes. 

 
 

Proper Waste Disposal 
 
1. Never discard organic solvents down the sink drain. In addition to polluting the 
water supply, organic solvents also gradually dissolve gaskets in the plumbing. 
Organic solvents should be placed in containers labeled “flammable non-
halogenated waste”. Aqueous solutions containing trace amounts of organic 
solvents may be disposed of in the sink. 
 
2. Halogen-containing waste (e.g., chloroform) should be collected separately from 
that which does not contain halogens (e.g., hexane) under certain conditions. Unless 
the total amount of organic waste generated is comprised of less than 5% 
halogenated compounds, the halogenated material should be placed in a container 
labeled “halogenated waste”.  
 
3. Dispose of acids, bases, and “light metal” salts down the drain. Do not, however, 
simply dump them into the sink and walk away. With the cold water running, pour 
them directly, but slowly, into the drain. Continue flushing. Aqueous heavy metal 
salts (e.g., Ba, Sn, Pb, and transition metal salts) should be collected in the aqueous 
waste containers. 
 
4. Non-hazardous solids may go into the trash. Some may be dissolved in water and 
flushed down the drain. Check with your instructor. Hazardous solids should be 
disposed of in the solid waste container. Please do not put filter paper and pipettes 
in the solid waste container. Used filter paper and plastic pipettes should be 
disposed of in the wastebasket. Properly dispose of broken glass by putting it in 
the receptacle labeled “broken glass” in the laboratory. 
 
5. Solvents used for rinsing glassware and for recrystallizations and extractions 
should be placed in the recycling containers supplied for the specific solvents (e.g., 
ethanol rinse should be placed in the ethanol recycling container). In doing so, 
please attempt to limit the amount of other organic materials added to 
these containers. 
 
6. Check with your instructor on all other waste, and if you are unsure about any 
waste disposal. 
 


